We report diamagnetic levitation of droplets and/or particles of pico-femtoliter volume and demonstrate their on-chip storage and high precision manipulation (translation, merging, assembling and rotation). We also demonstrate a levitation based microfluidic processor to process droplets/particles with up to a billion times smaller volume than in typical microfluidic devices. The levitated particles can be positioned with up to 300 nm accuracy and precisely rotated and assembled, providing a different physical approach for Micro-Electro-Mechanical-Systems. Force can be applied to the droplets/particles via magnetic, electric and gravitational fields with up to femto Newton accuracy, and potential energy can be controlled with up to 0.2 zepto J (0.05 T k B ) precision, thus providing experimental tools for fundamental studies.
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The manipulation of droplets/particles that are isolated (levitated in gas/vacuum) from the environment (container walls) pure or loaded with chemicals, cells, bacteria or viruses, is of utmost importance 1,2 for both basic research in physics, chemistry, biology, biochemistry and colloidal science and for applications in nanotechnology, microfluidics, atmospheric chemistry, aerosol science, crystal growth and other fields. Among different levitation methods (optical, diamagnetic 3 , electrostatic, electromagnetic, acoustic), only optical tweezers 4 , based on powerful lasers, has demonstrated the ability for stable levitation of micron scale droplets in air. The ability to process (manipulate) single or several isolated pico-femtoliter volume particles/droplets and implementation in the Lab-on-a-Chip environment has not previously been demonstrated with existing levitation techniques. We have reduced the size of diamagnetic levitation devices from superconducting magnet size to computer processor size by using micron scale permanent magnets to create a Magnetic Micromanipulation Chip (MMC). MMC operates with droplets levitated in air (or an inert atmosphere/vacuum), thus providing isolation from container walls, very low viscous friction, the possibility for precise manipulation of levitated particles with electric, magnetic and gravitational fields and extremely small droplet size. A MMC based microfluidic processor can store and process droplets, which can be used as a picofemtoliter size "beakers", on a "magnetic bench" created by permanent magnets. These "beakers" can be localized in magnetic potential wells or moved from one well to another by magnetic or electric fields. Figure S5 ). An AC electric field (up to10 5 V/m in the kHz range) can also be applied between neighboring electrodes to pull the dielectric droplet/particles along the slit into the higher electric field region (dielectrophoresis) thus providing another mechanism for precise droplet/particle manipulation. The levitated/manipulated objects include (but are not limited to) micron size droplets of diverse water and alcohol solutions, oils, polystyrene microspheres, microparticles of bismuth, antimony, multiwalled nanotube powder and red blood cells or fluorescent microspheres in droplets. The levitation time is virtually unlimited (the longest studied was two weeks). Dozens of droplets have been levitated and manipulated simultaneously.
We have grown crystals of NaCl, KCl, the magnetic force due to the magnetic field gradient, viscous friction described by Stokes's law and the random forceζ which is assumed to be of thermal origin. Detailed analysis of the origin and correlation properties ofζ will be presented elsewhere. This, however, does not affect our results. To measure forces acting on a droplet/particle, we have used gravity, similar to experiments by Millikan 8 . The microscope with its MMC was mounted on a vibration isolated platform which can be tilted by with opposite magnetization directions shown by arrows. A levitating droplet/particle (black) is moved by current pulses through electrodes (dark grey). 
